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Challenges in Developing Adaptive
Educational Hypermedia Systems
Eileen O’Donnell
Trinity College Dublin, Ireland
Liam O’Donnell
Dublin Institute of Technology, Ireland

INTRODUCTION
Traditional educational hypermedia systems afford
learners the “one size fits all” approach to learning
(Brusilovsky, 2003, 2004; Chatti, Jarke, & Specht,
2010; Hsieh, Lee, & Su, 2013). In the “one size
fits all” approach to learning each student in every
cohort of students is given access to the same learning objects in the same way as every other student
who is studying the same course. The learning
objects or learning content stays static regardless
of the learning requirements of different students.
The objective of Adaptive Educational Hypermedia Systems (AEHS) is to afford learners
the opportunity to engage with learning content
which has been specifically designed to meet the
learning requirements of each individual learner
by adapting the content and the user interface to
suit the needs of a specific user. AEHS could be
used in the education of learners at all stages of
their education from junior school to post graduate
level. AEHS could also be used in organisations
for continuous professional development or training for compliance purposes, for example, first
aid or manual handling. Software engineering for
AEHS commences with a thorough study of the
requirements of the proposed system. AEHS, as
proposed systems, are very complex systems to
design as the software engineer has to design a
system to enable non-technical and technical educator authors to design adaptive learning courses
for use by students. Therefore, the design and
development of AEHS are very complicated, time

consuming, and expensive. This article reviews a
few of the challenges encountered in the design
and development of these complex systems and
some of the challenges encountered by educators
who propose to use AEHS with their students.
The background section of this article provides
the reader with brief definitions and discussions on
the concept of AEHS and positions AEHS in the
larger research area of E-Learning or Technology
Enhanced Learning. The main body of the paper
outlines some of the challenges encountered in
the development and use of AEHS including: the
classification of different categories of learners;
the sourcing of suitable educational materials or
learning resources; gauging the impact that AEHS
have on the learning experience of end users; and
student access to open and editable user models/
profiles. Followed by sections on the following:
solutions and recommendations; future research
directions and the conclusion.

BACKGROUND
“Adaptive hypermedia systems build a model
of the goals, preferences and knowledge of each
individual user, and use this model throughout
the interaction with the user, in order to adapt
to the needs of that user” (Brusilovsky, 2001,
p. 87). AEHS build a model of each individual
student, and use the information from this model
to determine the adaptive learning experiences to
be created for each student.
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The following sections provide more information on AEHS and include definitions of the terms
Adaptive Education (AE), Adaptive Educational
Hypermedia (AEH) and Adaptive Educational
Hypermedia Systems (AEHS). E-learning and
Technology Enhanced Learning (TEL) pertain to
various forms of teaching and learning through
the use of technology (O’Donnell & O’Donnell,
2015) and access to the Internet. TEL in the
context of this article can be used synonymously
with E-Learning. AEHS is a form of E-Learning
which goes beyond the “one size fits all” approach
to E-Learning by adapting the content to suit the
learning requirements of individual learners.

Adaptive Education (AE)
Adaptive Education (AE) can be defined as an
educational experience that adapts to suit the learning requirements of each individual learner. The
purpose of AE is to provide learners with learning
resources which have been specially selected to
suit their specific learning needs.

Adaptive Educational
Hypermedia (AEH)
AEH is electronic content which can be used in the
provision of adaptive education. Software developers and educational providers are continuously

exploring how technology can be used to enhance
the learning experience of students.
In a study of AEH authoring tools, Gaffney,
Staikopoulos, O’Keeffe, Conlan, and Wade (2014)
suggest that “AEH authoring tools have however
not been as successfully adopted as was initially
expected” (p. 416). Further research is required
to explore why AEH authoring tools have not
been as successfully adopted as initially expected.

Adaptive Educational
Hypermedia Systems (AEHS)
Adaptive Educational Hypermedia Systems
(AEHS) are designed and developed to deliver
adaptive educational experiences to students.
Some examples of AEHS include: GRAPPLE
(De Bra et al., 2012; Glahn et al., 2011); AHA!
(De Bra, Stash, Smits, Romero, & Ventura,
2007; Knutov, De Bra, & Pechenizkiy, 2009);
and ELM-ART (Weber & Brusilovsky, 2001).
AEHS use many different mediums of electronic
content. Hypertext is a section of online text
or an online paragraph of information that has
been embedded with links to other content. Hypermedia is electronic content which includes
links to many different mediums of content as
shown in Figure 1, such as: text; images; tables;
figures; graphics; audio; video; animations;
simulations; or games.

Figure 1. Hypermedia can be linked to many different mediums of content
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The purpose of AEHS is to provide educators
with the appropriate toolset to present learners with
educational resources that have been specifically
selected to suit their individual learning requirements. AEHS or Adaptive Hypermedia Systems
for Education (AHSE) have the potential to facilitate personalised technology enhanced learning
(Muntean & McManis, 2004). AEHS Authoring
Tools (ATs) are created to enable non-technical
educator authors to design and create adaptive
learning resources.

CHALLENGES ENCOUNTERED IN
THE DEVELOPMENT OF AEHS
The development of AEHS is a very difficult process (Baig, 2014). There are many challenges to
consider when designing these systems. A few of
the challenges are outlined in this paper but others
do exist. AEHS are very complex systems because
they are designed to be used by many educators
and many students who will possess various different knowledge levels of the use of Information
and Communications Technology (ICT). There are
numerous considerations and challenges involved
in designing and developing systems for use by
non-technical authors. There are also several challenges involved in developing systems for use by
technically competent authors who may require
the affordance of complicated functionality. In
addition, the designers and developers of AEHS

have to meet the challenges of facilitating the
functionality required by educators who employ
various different pedagogical teaching methods
(O’Donnell, Lawless, Sharp, & Wade, 2015) and
learning theories (O’Donnell, Lawless, Sharp, &
O’Donnell, 2015).
Adding adaptive functionality to an educational
system does not necessarily improve the system,
sometimes the adaptive functionality can cause
users to lose control of the system (Brusilovsky,
1996). Adding adaptive functionality to an existing Learning Management System (LMS) does
not necessarily improve the students’ learning
experiences. The students may not understand why
they are getting access to different learning experiences to those of their peers. And, the educators
may lose control over the adaptive functionality
resulting in the students not achieving the expected
learning outcomes.
Instructional designers and academics require
a number of skills to develop positive learning
experiences (O’Rourke & Martin, 2011). As
shown in Figure 2, some of these required skills
may include: pedagogical knowledge (Hirumi,
Appelman, Rieber, & Van Eck, 2010; Koh &
Chai, 2014); critical and creative thinking (Baum
& Newbill, 2010); knowledge of instructional
development (Stes, Coertjens, & van Petegem,
2010); awareness of aesthetic principles (Yanchar
& Gabbitas, 2011); experience in instructional
design (van Rooij, 2010); competence in the use
of ICT (O’Rourke & Martin, 2011); among others.

Figure 2. Some of the skills required to develop positive learning experiences
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Figure 3. Some of the student characteristics that can be used to classify different types of learners

The skill set required and the challenges encountered will markedly increase as instructional
designers attempt to develop positive learning experiences that are also adaptable to each learner’s
specific learning requirements.
The use of AEHS to support learners can pose
challenges to learners with respect to cognitive
load and self-regulated learning, Moos (2014) and
Kuo and Huang (2009) proposed the use of scaffolding in the development of AEHS to support
learners. In the design and development of AEHS
both the academic users and the student users
(learners) have to be considered and facilitated.
This dual requirement increases the complexity
in designing and developing AEHS.

The Classification of Different
Categories of Learners
Classification of learners is necessary to inform
adaptive E-Learning models (Musumba, Oboko,
& Nyongesa, 2013). User profiles (Brusilovsky &
Millan, 2007) are necessary to store the information collected on each user. Profiling the learners’
present knowledge informs academics about the
gaps in knowledge and the level at which this information should be focused (Ajmal, Hamidullah,
Rahman, & Khan, 2011).
Classification can be based on various different student characteristics as outlined in Figure
3, including the following: level of knowledge
(Musumba et al., 2013); learning styles (Akbulut &
Cardak, 2012); cognitive styles (Lo, Chan, & Yeh,

2012); prior knowledge (Chen, Chen, & Sun, 2014;
O’Donnell, Sharp, Wade, & O’Donnell, 2012);
learning preferences (O’Donnell et al., 2012);
cognitive ability (O’Donnell et al., 2012); navigational behaviour (Brusilovsky, 2007; O’Donnell et
al., 2012); role playing behaviour (Peeters, Bosch,
Meyer, & Neerincx, 2014); among others.

The Sourcing of Suitable Educational
Materials or Learning Resources
Another challenge encountered in the development of AEHS is the identification of suitable
learning resources or objects to be used in the
system. Learning objects would also have to be
classified to enable retrieval and reuse by AEHS.
While educational materials are frequently made
available freely online, these resources are available in a number of different formats and may not
be easily adopted for use in AEHS. The sourcing
of suitable learning resources to facilitate the creation of Adaptive Hypermedia Systems is labour
intensive (Levacher, Lawless, & Wade, 2014) and
sometimes it is simply not possible to identify appropriate learning resources to use. The creation of
learning resources for use in adaptive systems is a
time consuming and complex process (Nurjanah
& Davis, 2012), labour intensive and expensive. A
research study conducted by O’Donnell (2008) was
undertaken to establish lecturers views on the use
of ICT in higher education. The study participants
were lecturers from various disciplines within
the Dublin Institute of Technology. 41 lecturers
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participated in this study. One of the findings was
that only 15% of the lecturers surveyed agreed
that they had sufficient time to create E-Learning
resources (O’Donnell, 2008).

Gauging the Impact That
AEHS Have on the Learning
Experience of End Users
It is very difficult to state the impact that adaptive
systems have had on the learning experience of
the end user (Mulwa, Lawless, Sharp, ArnedilloSanchez, & Wade, 2010; Mulwa, Lawless, Sharp,
& Wade, 2012) and “the jury is still out as regards
evidence that ICT supports learning” (Livingstone,
2012, p. 19). The findings of Griff and Matter
(2013) from the evaluation of LearnSmart (an
adaptive online learning system) was that it had
no overall effect. Because it is very difficult to
gauge the impact that adaptive systems have had
on the learning experience of the end users it may
be challenging to encourage more educators to
engage with the time consuming task of creating
courses using AEHS.
There is a need through controlled evaluations
of adaptive technologies to gauge the value added
to improving student learning (Shute & ZapataRivera, 2012). Brusilovsky, Karagiannidis and
Sampson (2004) proposed a layered evaluation
approach be used when evaluating adaptive learning systems. Until AEHS are used in mainstream
education the full impact of adaptive courses on
the learning experience of students cannot be
evaluated. Further investigations are necessary
to gauge the impact that adaptive systems have
on the learning experience of end users (learners,
students, trainees, employees).

Student Access to Open and
Editable User Models/Profiles
Adaptive systems gather some of the data to be
stored in the user model by tracking a user’s engagement with the adaptive system (Brusilovsky
et al., 2008). Some adaptive systems automatically
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update the user model so that the user never sees
the changes made to their personal user model.
In addition, in some adaptive systems users are
not given the opportunity to edit their own personal user model for fear it will interfere with
the personalisation processes of the system. Ahn,
Brusilovsky and Han (2015) state that many arguments have been presented “in favour of open and
editable user models” (p. 202).
Another challenge to the developers of AEHS is
whether or not to provide the functionality to afford
educators the opportunity to enable the users to
see and edit their own user model. Some educators
may be in favour of allowing their students to see
and edit their own user model, while others may
prefer to keep control of the user models through
system generated automatic updates. In a study
of self-regulated personalised learning, Steiner,
Nussbaumer, and Albert (2009) found that “Up
until now, the structures and algorithms underlying
personalisation have been completely kept back
from the user. The learner is completely unaware
of the personalisation process that is taking place
behind the scenes...” (p. 650).
In a survey of forty academics conducted by
O’Donnell, Sharp, Wade and O’Donnell (2012)
in response to the question “Would you trust the
decision making algorithms in an authoring tool to
determine the most suitable learning activities for
each individual student?” (p. 9), only 10% of the
academics surveyed responded “yes” to this question. Further along in the same study, O’Donnell
et al state “The fact that only 10% of academics
surveyed would trust the decision making algorithms is a finding of statistical significance that
requires further investigation” (O’Donnell et al.,
2012, p. 16). If academics find it hard to trust the
decision making algorithms there is a possibility
that learners would also like more information
about the structures and algorithms used to determine the personalisation process.
Ashman, Brailsford, Cristea, Sheng, Stewart,
Toms and Wade (2014) suggest that users should
be informed about the personal information that
is being collected and how this information is
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Figure 4. AEHS are complex systems to design and develop

used in educational and other settings. In a study
conducted by Staikopoulos, O’Keeffe, Rafter,
Walsh, Yousuf, Conlan and Wade (2014), 30.6%
of the students surveyed wanted more control over
the content selected by the personalised course.
The amount of control to be allocated to the
user of the personalised systems (Parra-Santander
& Brusilovsky, 2015) and the right of the user to
edit their own user model (Ahn et al., 2015) pose
further challenges in the design and development
of AEHS. The amount of control allocated to the
user and the right of the user to edit their user
model require further investigation to establish
some guidelines for those challenged with the
development of AEHS. AEHS are complex
systems to design and develop and present many
challenges as illustrated in Figure 4.

SOLUTIONS AND
RECOMMENDATIONS
Designers and developers of AEHS require further feedback from the academic community and
student body to inform future developments of
AEHS authoring tools. Instructional designers
and developers of E-Learning courses require
additional supports and encouragement to engage
with AEHS authoring tools. Further evaluations of
existing adaptive courses are required to gauge the

E

impact that adaptive courses have on the learning
experience of students to inform the designers
and developers of AEHS and the educators who
design and develop adaptive courses.

FUTURE RESEARCH DIRECTIONS
Further research is required to explore why AEH
authoring tools have not been as successfully
adopted as initially expected. AEHS are not yet
sufficiently developed for use by non-technical authors. Further work is required on the development
of AEHS. Further investigations are necessary
to gauge the impact that adaptive systems have
on the learning experience of end users (learners, students, trainees and employees). Further
investigations are also required into the amount
of control that should be allocated to the end user,
and the right of the user to see and edit their user
model/profile.

CONCLUSION
AEHS are very complex systems to design and
develop. While the concept of AEHS is very
promising, the realisation is very challenging,
expensive, and time consuming. Some educators
feel that they have insufficient time to engage in
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the creation of e-learning resources while others
feel that they could not trust the decision making
algorithms which determine the most suitable
learning resources to present to each student.
The challenges encountered in the development
of AEHS are many and varied as outlined in this
paper. Further research is necessary to investigate
the true potential of AEHS.
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KEY TERMS AND DEFINITIONS
Adaptive Education (AE): The purpose of
Adaptive Education (AE) is to provide learners
with learning resources that have been specially
selected to suit the specific learning requirements
of each individual.
Adaptive Educational Hypermedia (AEH):
Electronic content which is used in the provision
of adaptive education.
Adaptive Educational Hypermedia Systems
(AEHS): Systems that provide educators with

the appropriate toolset to present learners with
educational resources that have been specifically
selected to suit their individual learning requirements. AEHS are designed and developed to deliver adaptive educational experiences to students.
E-Learning: Facilitating teaching and learning through the use of technology and access to
the Internet.
Hypermedia: Electronic content which
includes links to many different mediums of
content, such as: text; tables; figures; graphics;
images; audio; video; animations; simulations;
interactive games.
Hypertext: A section of online text or an online
paragraph of information that has been embedded
with links to other content.
Technology Enhanced Learning (TEL):
Learning which is enhanced through the use of
technology and the Internet.
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